A majority of research on the North Atlantic humpback whale (Megaptera novaeangliae [Borowski, 1781] ) breeding grounds has been conducted in the highest density area off the Dominican Republic (Mattila, Clapham, Katona, & Stone, 1989; Mattila, Clapham, Vásquez, & Bowman, 1994; Robbins et al., 2001; Whitehead & Moore, 1982) . In contrast, fewer studies have been conducted in other areas of the Caribbean (Clapham et al., 2005; Fossette, Vely, Maslac, & Souan, 2014; Kennedy & Clapham, 2017; Levenson & Leaply, 1978; Rinaldi, Rinaldi, & Sahagian, 2006; Rinaldi, Sears, Stevick, & Carlson, 2009; Stevick et al., 2018; Swartz, Martinez, Stamates, Burks, & Mignucci-Giannoni, 2002; Swartz et al., 2003; Winn, Edel, & Taruski, 1975) , limiting our understanding of the connection between low-density wintering areas and the larger aggregation. Occurrence of individuals throughout their historical range, including the southeastern Caribbean, in greater numbers is a reasonable consequence of their successful recovery. As this population increases, marine managers will benefit from a clear understanding of where to anticipate overlap with human activity.
Humpback whales use discrete seasonal habitats reflecting different resource needs for reproduction and foraging (Clapham, 2000) . High-latitude productive areas, where there is abundant prey, define summer habitats, while breeding and calving occur in low latitudes in winter. The largest and bestknown breeding and calving area in the North Atlantic is located in the waters north of the Dominican Republic (Balcomb & Nichols, 1982; Mattila et al., , 1994 Whitehead & Moore, 1982) . Occurrence of humpback whales near Puerto Rico, the Virgin Islands, the Turks and Caicos, and throughout the southeastern Caribbean have been observed with less frequency and in lower numbers (Balcomb & Nichols, 1982; Kennedy & Clapham, 2017; Levenson & Leaply, 1978; MacKay, Würsig, Bacon, & Selwyn, 2016; MacKay, Daigneault, Bacon, Sesani, & Stadler, 2017; Mattila, 1984; Rinaldi et al., 2009; Stevick et al., 2018; Swartz et al., 2002; Whitehead & Moore, 1982; Winn et al., 1975) . Additionally, the eastern North Atlantic has a known wintering aggregation off Africa's northwestern coast, among the Cape Verde Islands (Bettridge et al., 2015; Hazevoet, Gravanita, & Wenzel, 2011; Wenzel et al., 2009 ). Although there is little evidence of mixing of North Atlantic humpback whales between these two primary winter breeding areas, the recent discovery of movement by four individuals between the Cape Verde Islands and the southeastern Caribbean complicates this interpretation (Stevick et al., 2016) .
Seasonal occurrence of humpback whales in Mona Passage, between the eastern Dominican Republic and western Puerto Rico, was confirmed several decades ago (Mattila, 1984; Smith et al., 1999) . Since then, this has been the subject of occasional study until 2012 when dedicated effort began in Mona Passage (MacKay, 2015; . These data provided a limited understanding of the temporal and spatial exchange with other low-latitude areas (Katona & Beard, 1990; . There is a paucity of reported data available to facilitate an understanding of humpback whale movement between Puerto Rico and the southeastern Caribbean. Sparse data have been collected east of the Virgin Islands. Humpback whales have been reported east of the Anegada Passage and as far south as Venezuela, where the number of individuals sighted and recorded was low (Heenehan & Stanistreet, 2017; Kennedy & Clapham, 2017; Rinaldi et al., 2009; Stevick, Carlson, & Balcomb, 1999; Swartz et al. 2002; Winn et al., 1975; Winn & Winn, 1978) . Although, there are 262 individual humpback whales identified by natural markings from the southeastern Caribbean (from Antigua in the north to Trinidad and Tobago in the south) in the North Atlantic Humpback Whale Catalogue (NAHWC, Stevick et al., 2018) , there are only two previously reported exchanges from Puerto Rico to this region (Dominica, Stevick et al., 1999; Guadeloupe, NAHWC, unpublished data) . It is not clear if this is due to the relatively few individuals occurring in this area or a result of survey effort.
We conducted a study in Mona Passage, off western Puerto Rico, during multiple winter seasons to investigate the connection between Puerto Rico and areas in the southeastern Caribbean. Here, we report our findings, including the only known re-sighting of an individual humpback whale between Puerto Rico and Anguilla, and two re-sightings between Puerto Rico and Guadeloupe. The data add to knowledge of humpback whale movements on the breeding grounds, and highlight unanswered questions on this topic within the species' Caribbean range.
Methods
Digital fluke identification photographs were obtained from land-and vessel-based platforms during dedicated surveys in Mona Passage off western Puerto Rico (18°11'48.11"N, 67° 3'34.11"W, Figure 1 ) in winters (January-April) 2012 -2016. Effort was not consistent across all years and varied in terms of length of field season and by the number of platforms utilized (Table 1) .
The Puerto Rico Humpback Whale Catalog (PRHWC) contains identification photographs obtained during surveys in Mona Passage from 2012 to 2016. The PRHWC includes fluke identification photograph(s), images of dorsal fins, scars, and other distinctive natural markings. The NAHWC is an ocean-wide collaborative project compiling fluke identification photographs and data from contributors throughout the North Atlantic (Katona & Beard, 1990) . All individual humpback whales with ventral fluke images from the PRHWC were submitted to the NAHWC for comparison using standard procedures (Katona & Beard, 1990) . 
Results
Vessel-and land-based surveys were conducted over 178 days in the winter months from January 2012 to April 2016 in Mona Passage, using ad lib data collection, targeting locations known to be occupied by humpback whales in winter. Four hundred groups of 616 animals were observed in the study area during the 5-year period. Ventral fluke identification photographs were available for 87 (14%) of the 616 animals sighted and 17 of those individuals (20%) were also sighted in one or more of the Caribbean breeding areas (Table 1) . Re-sightings were made to Guadeloupe, Anguilla and Puerto Rico, as well as to two areas of the Dominican Republic, Samaná Bay and Silver Bank (Figure 1) . Three (17.6%) of the 17 matches occurred in the southeastern Caribbean: one in Anguilla and two in Guadeloupe (Table 2) . One match occurred within the breeding season when an individual was photographed in Mona Passage in February 2014 and then 34 days later in March off Anguilla (French West Indies, Lesser Antilles, Table  2 ). 
Discussion
North Atlantic humpback whales continue to recover since cessation of whaling in 1955. However, it is unclear how distribution and movement of individuals throughout the Caribbean will change as the population increases. Smith and Reeves (2003) presented a review of whaling logs that is arguably the best representation of occurrence patterns of humpback whales in the southeastern Caribbean in the 19 th century. Movement patterns throughout this area of the winter grounds are not part of the historical record because those data were based on killed animals prior to the inception of a centralized catalog. Thus, re-sightings of individual humpback whales in areas where whales were previously hunted in the southeastern Caribbean provide insights into movement patterns throughout their entire historical breeding range.
Previously reported instances of exchange between breeding habitats in the Caribbean include Puerto Rico and Dominica (Stevick et al., 1999) , Puerto Rico and the Dominican Republic: Silver Bank, Samaná Bay, or Navidad Bank , the Dominican Republic and Virgin Bank , and Puerto Rico and Virgin Bank . The in-season breeding ground exchange reported here between Puerto Rico and Anguilla and the matches between Puerto Rico and Guadeloupe suggests that North Atlantic humpback whales may move more than expected throughout the Caribbean during the a single breeding season (Kennedy et al., 2013; Stevick et al., 1999) . Observed in-season movement (has also been observed in the southwest Indian Ocean (Cerchio et al., 2016; Dulau et al., 2017; Fossette, Heide-Jørgensen, et al., 2014) and Hawaii (Cartwright & Sullivan, 1999; Mate, Gisiner, & Mobley, 1998; Pack et al., 2017) . The recent discovery of movement by four individuals between the Cape Verde Islands and the southeastern Caribbean (Stevick et al., 2016) may be an indication of broader spatial movements of North Atlantic humpback whales.
These data provide new information on movements to the southeastern Caribbean in the context of North Atlantic humpback whale breeding population structure. The multiple re-sightings between Puerto Rico and the southeastern Caribbean, including movement within a season, indicate that movement away from the high-density breeding group off the Dominican Republic can occur. It is possible that this could be uncommon behavior, that these whales are routinely using different locations within their winter range or that they are expanding into habitat of historical importance as the population increases. Thus, this study may provide a glimpse into the repopulation of the historical range of humpback whales. Further research is needed to understand occupancy, movements, and habitat use, throughout the entire winter range, which is especially important as sources of anthropogenic impact, including vessel traffic from the growing cruise ship industry, increase throughout the Caribbean (MacKay et al., 2017) .
